Introduction

27
Nowadays, the satisfactory and cost-effective treatment of industrial wastewaters from 28 chemical, petrochemical, coke plant and refineries is a huge challenge since they are complex 29 matrices, containing several organic and inorganic compounds, such as toxic/recalcitrant 30 organic compounds (like aromatic compounds), ammonium and several inorganic salts [1, 2] . 
36
Biological processes can overcome some of the disadvantages of physico-chemical 37 treatments. However, biological processes can be inhibited by aromatic compounds [4] .
38
Biological treatments based on floccular biomass (such as activated sludge systems) are the 39 main biological technology used at full-scale. Nevertheless, its application for treating 40 complex industrial wastewaters is limited because activated sludge systems are known to be 41 highly inhibited by aromatic compounds [2] [3] [4] [5] . Therefore, biological systems with floccular 42 biomass: (i) are poor adjustable to fluctuations in the organic loading, (ii) need large reactor 43 volumes because low loading rates can be applied and (iii) its settling capacity is limited, 44 which means large secondary clarifiers. Biological treatments based on aerobic granules 45 represent an alternative to treat these complex industrial wastewaters [6] .
46
Ammonium can be removed by the application of Biological Nitrogen Removal (BNR) 47 processes via nitrite [7, 8] , where ammonium is oxidized until nitrite (nitritation) and 48 subsequently, nitrite can be reduced by heterotrophic denitrification via nitrite (denitritation) 49 or by anammox (anaerobic ammonium oxidation) processes [7, 8] . Nitrification is usually the biomass concentration that can be achieved in this kind of reactor [6, 9] . Therefore, a two-55 stage process composed by a first aerobic granular reactor followed by a second anoxic 56 granular reactor has been proposed as a feasible technology to treat complex industrial 57 wastewaters [9, 10] . Until now, this option has only been tested with wastewaters containing 58 ammonium and a single aromatic compound: o-cresol [9] or p-nitrophenol [10] . However, it 59 is well-known that industrial wastewaters can be composed by a mixture of several aromatic this study is to demonstrate the feasibility of the biodegradation of a high-strength wastewater 67 containing a mixture of ammonium, aromatic compounds and salts with simultaneous 68 nitritation in an aerobic granular reactor. In this sense, nitrous oxide emissions, stability and 69 characteristics of the aerobic granular biomass at long-term operation and the microbial 70 diversity in the granules will be assessed. Acquisition (SCADA) system regulated temperature, pH and feeding. pH was maintained at 90 8.0 ± 0.2 by a regular addition of NaHCO 3 whereas temperature in the reactor was maintained 91 at 30 ± 0.5 ºC using a temperature controller coupled with a belt-type heating device (Horst,
92
Germany). Feeding to the reactor was made with a membrane pump (ProMinent Gamma/L). Several batch experiments were carried out around day-300 to have a deep understanding of respectively.
179
The granular biomass was characterised in terms of SVI, size, granule density and settling 180 velocity. SVI was determined using the procedure described in the method 2710 D of the Reactor performance: removal capacity and nitrous oxide emissions phenol and quinoline took place and no metabolic intermediates were detected ( Figure 2D ).
252
The NLR was kept unchanged at 1.1 g N L -1 d -1 . As in the previous phases, the aerobic 
271
In the last phase, from day 333-onward (Phase IV), the aim was to achieve an effluent suitable 272 for a subsequent anammox reactor, i.e., an effluent composed by a nitrite/ammonium .
283
Along the reactor operation, the salinity in the effluent remained stable at 14 ± 1 mS cm -1 .
284
The difference in the oxygen affinity between AOB and NOB was determined to be the The morphological characteristics of the aerobic granular biomass were evaluated throughout 344 the experimental period. Table 1 shows the average size, density and settling velocity of the 345 granular biomass in each of the four phases of the reactor operation.
346
The average granules size decreased from 2.7 ± 0.8 to 1.0 ± 0.1 mm but the percentage of 347 biomass with a diameter higher than 0.2 mm was always higher than 95%, which means that 348 15 the biomass of the airlift reactor can be considered as mature and stable aerobic granules.
349
Moreover, density of the granules increased from 57 to 97 g L -1 but there was not a significant 350 change of the settling velocity.
351
Throughout the operational period, there was a decrease of the average diameter and an
352
increase of the granule density. These facts can be related to the supplied aeration because the 353 airflow was increased together with the increase of the OLR to maintain the DO concentration 354 high enough to avoid DO limitation for organic matter biodegradation.
355
The biomass inside the reactor was maintained at 3.8 ± 0.6 g VSS L -1 by withdrawing 356 granular sludge periodically and achieving a sludge retention time (SRT) of 107 ± 46 days.
357
The granules had a low VSS/TSS ratio (0.31 ± 0.04), which could be related to the high 
375
Another important fact is the stability of the granular biomass at high salinity conditions. The 376 main salts in the influent were chloride and bicarbonate, giving a salinity of 16 g salts L -1 . As 377 explained before, the aerobic granules presented good settleability at long-term and 378 consequently, they can be considered also resistant to a high content of salts. represented the 98% of the analysed sequences. Comamonas (65%), Nitrosomonas (11%),
387
Pseudomonas (5%), Stenotrophomonas (4%), Bradyrhizobium (3%) and Burkholderia (3%)
388
were the most abundant genera ( Figure 6 ); representing 91% of the analysed sequences.
389
Comamonas, Nitrosomonas and Burkholderia genera belong to Betaproteobacteria whereas
390
Pseudomonas and Stenotrophomonas genera belong to Gammaproteobacteria and
391
Bradyrhizobium genus belong to Alphaproteobacteria.
392
Moreover, on day-300 FISH analyses for AOB and NOB were performed. Positive 393 hybridization was obtained for β-AOB and the FISH quantification revealed that β-AOB was 394 71 ± 21 % of the total bacterial population (see Figure S4 in Supplementary Material).
395
However, NOB was not detected by FISH.
396
Regarding the biodegradation of aromatic compounds, Comamonas, Pseudomonas, Nitrosomonas was much less abundant than Comamonas ( Figure 6 ). Nevertheless,
420
Nitrosomonas could be the most active bacteria, as the FISH analysis revealed; (ii) on the 421 other hand, nitrification is usually attributed to autotrophic bacteria (AOB and NOB).
422
However, some heterotrophic bacteria can also perform heterotrophic nitrification.
423
Heterotrophic nitrification is still poorly understood and it is usually described as the 
